Comment on "Collective Excitations of a Bose-Einstein Condensate 

in a Magnetic Trap" 
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In a recent Letter, Mewes et al [Q experimentally in- 
vestigated the collective excitations for a Bose-Einstein 
condensate. For a nearly pure condensate they observed 
a damping time of 250(40)ms for the collective excitations 
at 30Hz. They argued that for a nearly pure condensate 
(T « 0) the damping due to thermal contributions should 
be negligible and that so far there is no theoretical predic- 
tion for the damping of collective excitations of a trapped 
condensate. 

In this Comment, we shall calculate the damping of 
collective excitations for their experiments by using the 
existing theories |^-|^ . Let us consider a dilute gas model 
of N weakly interacting bosons at finite temperature with 
interaction u(x — x') = 47ran ^^^ _ ^/-j with a the s- 
wave scattering length. It is well known that the long- 
wavelength excitations (fc — > 0) are phonons with the 
damped Bogoliubov spectrum lo = ck -\- ij where the 
sound velocity c ~ — \/4:nano. The damping rate is given 
by Hohenberg and Martin and Popov for the low 
temperature and by Szepfalusy and Kondor ^ for the 
intermediate temperature, 
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-. Next, we shall estimate the damp- 
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First, we checked the temperature- independent part 
of the damping that arises from the interaction between 
quasi-particles. We found that for typical parameters 
(see below) 70 = 7(r = 0) ~ 10~^°s~^ at an excitation 
frequency lu ~ 27rx 30Hz, which yields a decay time in the 
order of 10^°s much longer than 250ms found in Ref. [Q . 
Hereafter, 70 shall be ignored when discussing the finite 
temperature case. 

We plot 7 against T using (|l|) in Fig. 1, where the 
following numbers are used |l|,|5||: a — 65aBhor, "-o in 
the order of lO^^'cm"'^, the number of atoms in conden- 
sate A'o = 5 X 10^, the trap frequencies of 250Hz (ra- 
dially) and 19Hz (axially), and the sodium atom m — 
23 X 1.66 X lO^^^kg. The temperature axis has been 
scaled against T^ defined by T^iN) = ||(iV/l. 202)^/3 
with LU the geometric mean of the harmonic trap frequen- 
cies [p|q|. Ketterle m pointed out that a "nearly pure 
condensate" meant that the condensate fraction of atoms 
was greater than or about 90%. This infers that the total 
number of atoms iV sa 5.5 x 10^, leading to Tc ~ 0.84/iK. 
The temperature can be implied in the experiment from 
the condensate fraction according to Nq/N = 1 — {T/Tc)^ 
Ipl such that T ~ 0.5rc R. With this temperature. 



we find from Fig. 1 7 ~ 5.1s~^ and 7 ~ 3.6s~^ for 
no = 1.5 X lO^'^cm"'^ and no = 3.0 x lO^^'cm"'^, respec- 
tively. In other words, the theoretical value of the decay 
time of collective excitations at frequency 30Hz ranges 
from 190ms to 280ms as no is from 1.5 x lO^^cm^"^ to 
3.0 X lO^'^cm^'^, consistent with the experimental result 
250(40)ms. 

We therefore consider that the damping is caused by 
the interaction between the collective excitation and the 
thermal cloud rather than the interaction between collec- 
tive modes. A more complete microscopic theory taking 
into account the inhomogeneity and the presence of the 
harmonic trap shall be published elsewhere. 
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FIG. 1. The interpolation of the damping rate for differ- 
ent density of the condensate. The dotted hnes mean that T 
is near T* and simple analytical solutions are not yet avail- 



able. 
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no = 3.0 X lO'^'cm^'^'; and d. no = 4.5 x 10'"* cm' 



